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Introduction
In 2011, U.S. Geological Survey (USGS) Coastal and Marine Geology Program team members, in cooperation with the National Oceanic and Atmospheric Administration (NOAA), mapped along the upper slope of the Farallon Escarpment and Rittenburg Bank located within the Gulf of the Farallones National Marine Sanctuary. Prior to 2011, high-resolution habitat maps did not exist for Rittenburg Bank or the Farallon Escarpment. Additionally, little is known about deep sea coral (DSC) distribution and abundance on the continental shelf and slope of the United States West Coast. To address some of these biological issues and to discover new regions that may be candidates for Essential Fish Habitat protection, NOAA Deep Sea Coral Research and Technology Program (DSCRTP) initiated a 3-year program to study West Coast DSC ecosystems. A main goal of the research was to identify areas most likely to have habitat suitable for deep-sea corals and sponges, to characterize and map these habitats, and to collect information that could be integrated into a review of groundfish Essential Fish Habitat. The multibeam data revealed highly detailed images of several significant underwater geologic features, including rocky banks and canyon features in these areas.
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The area surveyed is located about 65 km west of the entrance to San Francisco Bay and about 30 km southwest of Point Reyes ( fig. 1 ). The main Farallon Islands are located 10 km to the east. This newly mapped region encompasses a diverse physiography in water depths ranging from about 78 to 870 m (256 to 2,854 ft) and includes featureless and moderate relief seafloor along the outer shelf and slope, as well as the heads of numerous gullies along the upper Farallon Escarpment. A new area of moderate-relief seafloor was identified along the outer shelf during this survey (here called Cochrane Bank) and is considered an additional rocky feature of interest for DSC habitat ( fig. 1) . The moderate relief of Rittenburg and Cochrane Banks have high backscatter intensities, while the surrounding lowrelief seafloor has a complex pattern of low and high backscatter. The heads of the gullies along the upper slope have high backscatter intensities, but this may be partially because of the increased slope of the seafloor. These data are used as basemap information for a seafloor character map showing the distribution of rock, mixed substrate, and soft sediment. These new data and interpretive maps can be used to help understand the geology and habitats of the outer shelf and upper slope. Detailed bathymetric and acoustic-backscatter data provide important information regarding seafloor substrate and marine habitats, sediment transport pathways, slope stability, and potential submarine landslide hazards. This report provides the 2011 USGS bathymetry and backscatter data, the seafloor character maps in several digital formats, and a summary of the mapping mission, maps of bathymetry, backscatter, seafloor character, and Federal Geographic Data Committee (FGDC) metadata.
Mapping Mission
Multibeam mapping took place over 16 days from September 6 through September 21, 2011 (U.S. Geological Survey field activity F-01-11-NC), using a 100 kHz Reson 7111 multibeam echosounder. The 7111 is a horseshoe shaped sonar that was mounted on the 67-foot-long NOAA National Marine Sanctuary Program's research vessel Fulmar ( fig. 2 ) and affixed to a hull brace. The multibeam system receives acoustic returns from 101, 201, or 301 beams depending on the setting. Individual beams are 1.9° along-track and 1.5° across-track, providing a combined 150° swath at maximum. Table 1 provides the sonar system specifications. Differentially Corrected Global Positioning System (DGPS) navigational data were passed through a CodaOctopus F190 inertial measurement unit (IMU) to the sonar hardware and data collection software. The R/V Fulmar was outfitted with three networked workstations and a navigation computer for use by the captain and survey crew for data collection and initial processing.
The mapping mission collected bathymetry and acoustic-backscatter data over two regions, including 158 km 2 (61 mi 2 ) of the upper Farallon Escarpment and 22.5 km 2 (8.7 mi 2 ) of Rittenburg Bank in water depths ranging from 78 to 870 m (256-2,854 ft) ( fig. 1 ).
Tides
Nearshore multibeam surveys can take advantage of geodetic control from shore-based Global Positioning System (GPS) base stations broadcasting real-time kinematic (RTK) corrections via UHF frequencies. This survey, however, was conducted farther offshore, outside the range of UHF radio coverage. Therefore, depth values during the survey were based on tidal datums. Tidal corrections from the San Francisco Golden Gate tide station (9414290) 
Data Processing
Vessel Position and Attitude
The R/V Fulmar was equipped with a CodaOctopus F190 inertial motion unit (IMU) for the duration of the survey. The F190 received DGPS-aided positional navigation from dual Trimble model 4000 DGPS receivers, and commercial C-Nav satellite differential stations. The DGPS data were combined with the inertial vessel motion measurements (pitch, roll, heading, and heave) directly within the F190 hardware so that high-precision position and attitude corrections were fed in real time to the sonar acquisition equipment.
Sound Velocity Measurements
Sound velocity measurements were collected continuously with an Applied Micro Systems Micro sound velocimeter (SV) deployed on the transducer frame for real-time sound velocity adjustments at the transducer-water interface. The Micro SV is accurate to ±0.03 m/s. Additionally, water column sound velocity profiles (SVP) were collected approximately every 2 hours throughout each survey day with an Applied Micro Systems, SvPlus 3472. This instrument provided sound-velocity measurements by using invar rods with a sound-velocity accuracy of ±0.06 m/s. Pressure was measured by a semiconductor bridge strain gauge to an accuracy of 0.15 percent (500 dbar, full scale) and temperature was measured by thermistor with an accuracy of 0.05° C (Applied Microsystems, Ltd., 2005).
Sonar Sounding Processing
DGPS data and measurements of vessel motion were combined in the F190 hardware to produce a high-precision vessel attitude packet. This packet was transmitted to the PDS2000 acquisition software in real time and combined with instantaneous sound velocity measurements at the transducer head before each ping. The returned samples were projected to the seafloor using a ray-tracing algorithm working with the previously measured sound-velocity profiles in the PDS2000 software. Finally, the processed data were stored line-by-line as Reson S7K files.
Digital Terrain Model Production
CARIS HIPS and SIPS (version 7.1.1 Service Pack 3) bathymetry processing software was used to clean and bin the raw bathymetry. Processed S7K files were imported to CARIS and field sheets were created within CARIS to encompass both the deeper Farallon Escarpment and the shallower Rittenburg Bank areas. Survey lines were filtered to remove obvious erroneous soundings and soundings towards the noisier outer beams and then added into the appropriate field sheet. CARIS base surfaces were created for each field sheet at 2 and 10 m resolutions using the CUBE surface type. The 2 m base surface included the shallow Rittenburg Bank region, while the 10-m base surface included the deep Farallon Escarpment area. The finalized base surfaces were then exported as ASCII XYZ files (x coordinate, y coordinate, depth) in World Geodetic System of 1984 (WGS 84, G1150) coordinates relative to the NAVD88. These data were gridded in Fledermaus (QPC) software (Version 7.1) at 2 and 10 m resolutions, and the resulting surfaces were converted to ASCIIRaster format files and imported 6 into a Geographic Information System (ESRI, ArcMap). Grids were projected horizontally to the North American Datum of 1983 (CORS96) using the ESRI "WGS_1984_(ITRF00)_To_NAD_1983 (CORS96)" function in ArcTools. Finally, an illumination having an azimuth of 300° and 45° above horizontal was applied to the bathymetry grids to create the shaded relief imagery of the Farallon Escarpment and Rittenburg Bank ( fig. 3 ). All these bathymetric surfaces are in the online Data Catalog available for download at http://pubs.usgs.gov/ofr/2014/xxxx. Note that the USGS collects bathymetric data for scientific purposes only. The USGS does not guarantee that full bottom search has been achieved and the data have not been inspected for dangers to navigation. 
Backscatter Image Production
The multibeam-echosounder backscatter data were processed using the Fledermaus (version 7.3.2) integration of Geocoder. Caris HDCS line files were exported as GSF line files and imported into Fledermaus along with the corresponding original Reson S7K files. Adjustments were made to the line files including TX/RX (transmit/receive) power gain, beam pattern, and adaptive angle-varying gain corrections. The line files were then mosaicked into 2 m resolution (Rittenburg Bank) and 10 m resolution (Farallon Escarpment) images. The images were then exported as georeferenced TIFF images, imported into a Geographic Information System (GIS), and converted to GRIDs at 2 and 10 m resolutions. The grids were projected horizontally from WGS 84 coordinates to NAD 83 (CORS96) coordinates using the ESRI "WGS_1984_(ITRF00)_To_NAD_1983 (CORS96)" function in ArcTools. Lastly, the GRIDs were exported as geoTIFF images (fig. 4) .
In the backscatter imagery, brighter tones indicate higher backscatter intensity, and darker tones indicate lower backscatter intensity. The intensity represents a complex interaction between the acoustic pulse and the seafloor, as well as characteristics within the shallow subsurface, providing a general indication of seafloor texture and composition. Backscatter intensity depends on the acoustic source level; the frequency used to image the seafloor; the beam grazing angle; the composition and character of the seafloor, including grain size, water content, bulk density, and seafloor roughness; and the amount and type of biological cover. Harder and rougher bottom types, such as rocky outcrops or coarse sediment, typically return stronger intensities (high backscatter, lighter tones), whereas softer bottom types, such as fine sediment, return weaker intensities (low backscatter, darker tones).
Multibeam-Echosounder Survey Results
The 2011 . 6 ) reveals that the higher relief of Rittenburg Bank has higher backscatter intensities than most of the surrounding seafloor. Acoustic-backscatter intensities also are high, beyond the Bank on lower-relief seafloor to the south (A in fig. 6 ). This region is likely low-relief seafloor composed of harder material, such as a mixture of boulders, cobbles, and coarser sands. Even though the bathymetry shows the surrounding seafloor is almost featureless, the backscatter imagery reveals a complex pattern of low and high intensities. This pattern may be created by fine sediments with low backscatter intensities migrating over coarse sediment deposits that may include large-scale bedforms (for example, sand waves). These sediment-filled scour depressions resemble the "rippled scour depressions" of Cacchione and others (1984) and Davis and others (2013) or the "sorted bedforms" of Murray and Thieler (2004) , Goff and others (2005) , and Trembanis and Hume (2011). 
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The upper slope of the Farallon Escarpment includes the heads of 22 gullies ( fig. 3) . These gullies likely served as conduits carrying sediment off the shelf and into offshore basins. These gullies are largely inactive during sea level high stands, but become active during low stands when the shoreline is at the shelf edge.
The Farallon Escarpment mapped region reveals a previously unmapped bank along the outer shelf (here called Cochrane Bank) (figs. 7 and 8). Cochrane Bank is an elongated, northwest-southeast trending bathymetric high with up to 15 m of local relief. The bank has an overall length of 3.5 km (northwest to southeast) and a width of more than 900 m (northeast to southwest). (red) is the high relief rock and boulder class, mixed (orange) is the mixed sediment and low-relief rock class, and sediment (green) is the fine-to medium-grained sediment class.
